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Abstract

The purpose of this study was to identify a set of critical variables
that underlie the performance of a national sample of young adults on a
diverse set of document literacy tasks. The identification of these variables
provides an important first step toward building a theoretical model that
would systematically account for the constructs of document processing. With
such a theoretical model, document designers and instructional-program
developers could use their understanding of document-processing constructs in
ways that could strategically address the production and processing of
documents.

The sixty-one tasks (and their associated documents) that make up the
document scale of the NAEP Young Adult Literacy assessment were parsed using a
specially devised grammar. Based upon the parsings, variables were identified
to account for the probakt.lity of success for the total population and for
major subgroups of interest. The variables identified accounted for 89
percent of the variance for the total population of young adults. Among
racial/ethnic groups, these variables accounted for 89 percent of the variance
for White, 81 percent for Black, and 87 percent for Hispanic young adults.
Among levels -f education, these variables accounted for 56 percent of the
variance for young adults with 0-8 years of schooling, 81 percent for young
adults with 9 to 12 years of schooling, 88 percent for young adults with high-
school degrees, and &4 percent for young adults with post-high-school degrecs.
The findings of this study are discussed in terms of the need to provide a
more general framework for describing, comparing, and researching documernts

than hus been the case in previous document studies.
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Understanding Document Literacy:

Variables Underlying the Performance of Young Adults

Introduction

Using the database provided by the NAEP literacy assessment of young
adults (Kirsch & Jungeblut, 1986), the current study sought to identify a set
of critical variables that underlie young adults’ ability to perform document
literacy tasks. By identifying these variables for a wide range of documents
and relating them to the performance of 2 nationally representative sample of
21- to 25-year olds, this study extends our understanding of what makes
documents "simple" or "usable." Without a firmer theoretical framework than
currently exists, there is no starting point for identifying the constructs
underlying ability to use documents effectively (Kirsch & Guthrie, 1980).
Knowledge of such constructs provides the theoretical basis for designing
effective instructional programs (Messick, in press). Moreover, in the
absence of construct specification, there ean be no set of generalizable and
empirically determined principles for designing simple and usable documents
(Wright, 1978, 1988).

The introduction considers the following. First, to provide an overview
on this topic, the importance and pervasiveness of documents in today's
society are discussed. Next, some of the problems associated with producing
and processing documents are considered. How document researchers have
attempted to deal with these problems using the "redesign-test-redesign-and-

test" approach is noted and the limitations of this paradigm are described.
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Understanding Document Literacy

In this paper we have adopted the definition of document literacy put
forward by NAEP (Kirsch & Jungeblut, 1986). Document literacy involves the
knowledge and skills needed to understand and use printed information
occurring in a variety of non-prose formats. Non-prose formats include
linguistic structures that are not organized in paragraph form. As such, non-
prose formats consist of the following: forms, tables, charts, graphs.

signs/labels, indexes, lists, schematics, and catalogues.

The Importance of Documents

As burch and Grudnitski (1986) have noted, therc are few actions that
can take place in today’'s society that do not require the use of documents.
For example, people apply for jobs by filling out a job application. Patients
are admitted to hospitals by completing admissions forms. Students enroll in
their courses by filling out a specific registration form. Building
construction can not proceed without completing forms for a buiriding permit.
Indeed, couples who wish to legalize their coexistence complete the necessary
forms to obtain a marriage liceuase.

In addition, documents can be used to inform people’s actions and
decisions. For example, to refine our diet, we may turn to an almanac table
that lists the various food sources of Vitamin E. We may consult our benefits
table to see if our employer covers a certain type of disability. As business
forecasters, we may refer to a bar graph that summarizes the sales trend of a
company by season over a three year period. We may also refer to indexes to
assist us in locating specific information to answer a question. To get the

rust removed from our car, we may consult the Yellow Pages listings for the
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names and numbers of the different autobody repair shops. Finally, to
complete our income tax, we may consult our Federal Income Tax table.

Documents also provide records of actions taken, decisions made, and
agreements reached. For example, as a dispatcher, we may detail the number
and times different limousines are sent to the airport. As investors, we fill
out depesit slips to place money into our mutual fund accountz. As sales
clerks, we enter buyers’ credit card numbers on a bill of purchase. As
beginning professors, we may sign a job contract that represents 1 mutually
agreed upon set of conditions between our university employer and ourselves.
And, we may draw up a will specifying the desired disposition of our assets at
death.

All these examples illustrate the importance of documents in our daily
lives. In addition to these uses, numerous other functions of documents have
been identified (Bassett, Goodman, & Fosegan, 1981; Wright, 1988). For
example, Bassett, Goodman, and Fosegan (198l) have identified over twenty
basic document functions: among these, documents grant authority, help ensure

control, provide audit trails, and notify people of changes in status.

The Pervasiveness of Documents

In addition to serving important functions, the number of paper
documents tends to increase significantly each year. Even today in
organizations relying heavily on advanced information technology, paper
documents are still the primary means used te get data into the system (Burch
& Grudnitski, 1986). Although the actual number of documents produced each

year is not known, several studies (e.g., Rayner, 1982; United Kingdom, 1982;
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Waller. 1984) have illustrated the pervasiveness of one type of document,
namely forms, within government.

In a survey of British government forms, Rayner (1982) estimated that
the number of different external forms--those issued to the public or to
business organizations--was about 38,000 and that the number of internal
administrative forms was about double this assessment. He further estimated
the total number of different govermment forms to be well over 100,000. In
another study, the Associated Press (Miller, 1984) has estimated that in the
mid 1970s, the United Stutes government issued some 98,000 different kinds of
forms per year, and received over 50 million tresponses. In the same time
period, the US Internal Revenue Service alone sent out over 3,500 different
forms per year.

Given the increase in information necessary to maintain government,
military, industry, and other institutional establishments, we can be assured
that the number of documents issued will continue to increase significantly,
if not prohibitively, in the years to come (Waller, 1984).

The pervasiveness of documents within our society is reflected not onlyv
by their actual numbers, but also by the amount of time spent reading or using
these various materials. One study (Guthrie, Seifert, & Kirsch, 1986)
randomly sampled wage earmers from over a 100 households within a community of
6,000 in an effort to measure adult readership. Volume, as measured by
minutes of reading per day, was estimated across contents that included:
news/business, society/science, recreation/sports, fiction/viewpoint,

reference, and brief decuments. The amount of time spent reading these
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contents was estimated for occupational groups, level of education, and
gender. For example, males reported reading various contents for a total of
161 minutes each day compared with 221 minutes reported by females.

Among occupational groups, managers/professionals reported the highest
volume of reading -- an average of 269 minutes each day. They were followed
by clerical workers who reported reading for an average of 228 minutes per
day. Skilled workers reported spending 160 minutes each day reading various
contents and unskilled workers an average cf 98 minutes each day.

Within each of the groups, the largest percentage of time spent reading
each day was with the content of brief documents. For example, among females,
97 of the 221 minutes, or 44 percent of the reported daily reading involved
brief documents. In contrast, the next highest content reported among females
was society/science -- an average of 36 minutes which accounted for only 16
percent of daily reading volume. S+-—ilarly, among males, 68 minutes or 42
percent of daily reading volume was associated with the content of brief
documents. The next highest volume involved the content of news/business
which was read for an average of 30 minutes or 19 percent of daily volume.
Similar patterns of results indicating high percentage volume for brief
dccuments and much lower for other contents were observed for each
occupational group and at all levels of education.

In a separate study, Kirsch & Guthrie (1984a) examined the reading
practices of adults in one high-technology corporation. One aspect of that
study involved estimating reading volume for work and leisure across the same

six content areas noted above. In addition to estimating reading zssociated
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with work and leisure settings, results were reported by occupation and
education as well. Again, regardless of level of education or type of job
held in the corporation, the largest percentage of time spent reading each day
involved brief documents.

This study also yielded evidence that reading brief documents occurs
primarily at work. In contrast, the other content areas are associated with
leisure reading activities. Whereas these two studies suggest distinctions
between types of reading engaged in for work and leisure, other research aas
pointed to distinctions between reading done for school and reading associated

with other adult contexts (Mikulecky, 1982; Sticht, 1977; Venezky, 1982).

Problems Associated with Producing and Processing Documents

Effective document performance not only has consequences for
individuals; it has significant consequences for organizations as well. In
short, for organizations to function effectively, they must maintain accurate,
timely, and relevant information (Burch & Grudnitski, 1986). The vehicle for
securing such information is documents.

Different groups of document users make up an interactive chain that
define the effectiveness of document performance wiihin an organization.
These groups irclude: (1) interpreters of information, such as managers, who
use document-ge ~rated information for controlling, planning, and decision
making; (2) providers of information, such as accountants, tax payers. and
bill recipients; (3) information-support personnel, such as secretaries,
programmers, administrators, and systems analysts; and (4) designers and

producers of documents.

ERIC

Aruitoxt provided by Eic:




O

ERIC

Aruitoxt provided by Eic:

Understanding Document Literacy

In an attempt to define document effectiveness, researchers (Athey &
Zmud, 1986; Duffy, 1981l) typically distinguish between the costs of processing
documents (e.g., a form) and the costs of producing a document. Most
investigators (e.g., Waller, 1984) have found that the principal costs lie in
the processing of forms, with the costs of pracessing forms typically
exceeding the costs of producing forms by a factor of 2 to 3 (Rayner, 1982).

A major factor contributing to the processing costs of documents is the
number of mistakes that providers of information make in completing a
document. Errors made on forms lead to greater processing time; this time is
often compounded by the problem of having to return documents for .crrection.
1lthough few studies have explicitly looked at the impact of document error
frequency on company costs, studies have identified the large occurrence of
errors in many widely used documents. For example, Waller (1984) reported
that the old British Pl income tax form had an error rate of 84 percent. The
United States 1988 income tax form is expected to have an error rate of 57
percent (CNN News, 1988).

Additional factors contributing to an organization’s information
processing costs include: (1) decision makers’ misinterpretation of document
information (Odell & Goswami, 1981) and (2) the tendency of information-
support personnel to incorrectly re-enter information from a paper document to
a computer database (Athey & Zmud, 1986).

In sum, the point is that for documents to be effective for an
organization, they must be effective for each group in the chain of document

producers and users.
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The "Redesign-Test-Redesign-and-Test'" Approach

The growing importance that documents are expected to play in our daily
lives coupled with the problems identiiied in processing these materials has
led governmnent, military, and industry to consider several options. These
include: (1) reducing the number of documents; (2) raising the level of
literacy skills among individuvals; and, (3) making documents more readable and
asable (Department of Health and Social Security, 1983; Duffy, 1985; Felker &
Rose, 1981; Hartley, 1985; Sticht, 1975). Of these three options, the one
that has received increasing attention in the last ten years involves research
aimed at designing more effective documents. This effort has heen encouraged
bv the Plain English campaigns in the United States and England to simplify
thie language of documents and to make them more interpretable to users
(Chapanis, 1965; Jereb, 1986; Shilling, 1981).

Attempts to simplify documents (e.g., Atwood, Baker, & Duffy, 1985;
Charnev, 1986; Firth, 1981; Janik, Hannah, Waney, Bond, & Hayes, 1981; Kellev-
Cohen, 1987, Wright, 1980a; Waller, 1984) have built upon Wright's (1979)
suggested "redesign-test-redesign-and-test" approach. ’n this approach, a
commouly ased document is first identified. Next, using a set of criteria,
the document is "simplified" or rendered more "usable." The criteria for
rewriting documents are varied. They may be based on readability formula
criteria (e.g., Atwood et al., 1985), user or designer intuition (e.g., Firth.
1981: Janik et al., 1981; Waller, 1984), general document design principles
(lartley, 1985; Landesman, 1981; Raines, 1980; Wright, 1981, 1984), or some

theory or model of reading (e.g., Atwood et al., 1981; Wright, 1984).
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Both versions of the document are then subjected to some processing
measure, such as the speed and accuracy by which two groups of users complete
the two versions ‘espectively. A common evaluation measure is having users
report aloud their processes as they attempt to complete each of the two
versions (e.g., Charney, 1986; Janik et al., 1981; Schumacher & Waller, 1985).
Document revision and testing continue until the modified document is shown to
be more effective than the original, relative to a selected criterion.
Researchers then conclude that the factors which significantly influence a

document's readability or usabilitv have been identified.

Limitations in Implementation of the "Redesign-Test-Redesign-and-Test"

Approach

While the above paradigm has been useful in terms of improving
individual documents, it lacks generalizability for several reasons. First,
the subjects in document redesign-test studies often are not representative of
the users for whom the document was originally designed or intended. As Firth
(1981) has shown, people who actually use the documents may perform in ways
that differ significantly trom subjects in a study who would not normally usc
the document. Some studies have drawn their samples from actual users of the
document. However, the number of subjects in these studies who are also
actual users of the document is so limited as to raise questions concerning
the generalizability of the findings (Wright, 1988).

Second, generalizability is constrained not only by the small number of
subjects, but by the limited number of documents studied as well. Thus,

because "redesign-test" studies typically use only one document, the findings
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that hold from one study can not necessarily be generalized to studies that
use different documents (Hartley & Trueman, 1985). As a consequence, the wavs
in which this approach has been implemented are subject to Clark’s (1972)
criticism that, because the document itself is a "fixed effect," the findings
may be replicable for the particular document studied, but the results provide
little or no informatien that can be generalized.

A third factor contributing to the lack of generalizability is the fact
that no descriptive or explanatory grammar has been developed for use with
documents, as opposed to expository prose (Fredericksen, 1975; Kintsch, 1977:
Meyer, 1975). Such grammars serve as important heuristics for cémparing the
structures and content of various prose passages (de Beaugrande, 1981).
Because no such heuristic exists for analyzing documents, it is not possible
to compare and contrast systematically the structures and content of differen:
documents. (Atwood, Baker, & Duffy, 1985; Bovair & Kieras, 1981; de
Beaugrande, 1980; Kieras & Dechert, 1985).

Finally, reséarchers employing this "redesign-test" approach often use
different administration and scoring procedures in testing a document’'s
effectiveness from those found in the actual use of this document (Keller-
Cohen, 1987: Wright, 1980b). This is problematic because different types of
questions, directives, and scoring procedures produce different document user
outcomes (Atwood, et al., 1985; Barnard, Wright, & Wilcox, 1979, Wright,
1988). Thus, if the conditions under which the subjects completed the

document task are different from those under which real users normally
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complete the document task, then the performance of the subjects is not a good
predictor of the performance of the real users.

The design of the NAEP assessment addressed these limitations in the
following manner: it provides a database for studying how a broad range of
docunent configurations and different simulation tasks interact to influence
document performance. Rather than using multiple choice exercises, the
majority of document literacy tasks required the respondents to engage in
those procedures actually associated with the materials. For example,
respondents were directed to: follow a set of directions to travel from one
location to another using a map; locate information using an index from a
reference book; fill in a deposit slip; complete a check; determine
eligibility from a table of employee benefits; and, fill out an order form
taken from a catalogue. Moreover, the data base provides an opportunity to
compare and contrast the structures and contents of an array of document types
that could be used to establish a set of generalized principles for future

examination.
Methods Underlying the NAEP Assessment
Subjects

The target population for the Young Adult Literacy Assessment consisted
of young adults in the continental United States who, at the time of the
assessment (April through September, 1985), resided in private households and
who were between the ages of 21 and 25. The goal of the sample design was to

achieve a projectable sample of this target population and tec oversample Black
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and Hispanic young adults at approximately double their normal rate so that
reliable estimates of proficiency could be obtained. A total of 38,400
housing units in 800 locations were screened for eligible respondents. Of the
4,494 young adults who were selected for the assessment, interviews were
completed with 3,618. This represents an assessment completion rate of 80.5
percent. An incentive of $15 was offered to each respondent for participating
and completing the assessment. Additional details and considerations
involving the sampling., weighting, and data collection activities can be found

in Kirsch & Jungeblut (1986).
Materials

NAEP's Development of Simulation_Tasks

In selecting materials and developing tasks for inclusion in the
assessment, primary emphasis was placed on representing the broad range of
literacy behaviors that people frequently encounter in occupational, social,
and educational settings. To assist in determining the nature of such
materials and tasks, lists of current objectives in competericy-based adult
programs, existing literacy measures, and gtudies of literacy in various
contexts were reviewed (Kirsch & Jungeblut, 1986).

Based on this review, 12 categories of materials were identified. These
included: sign/label, directions, memo/letter, form, table, graph, prose,
index/reference, notice, schematic or diagram, advertisements, and
bill/invoice. These categories were then crossed with five categories of use:

knowledge, evaluation, specific information, social interaction, and

O
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application. Use or purpose refers to why individuals might engage in a task,
i.e., the type of information they need or are seeking. This is believed to
influence both a person's strategy and cugnitive operations in completing the
task (Crandall, 1981: Kirsch & Guthrie, 1984b; Scribner & Cole, 1981; Sticht,
1978, 1982). The matrix that resulted from crossing materials with purpose
provided the framework that was used to develop tasks. It should be noted
that tasks were not developed to fill all cells of this matrix. To do so
would have meant that many of the tasks would not have been representative of
the kinds of tasks that adults normally er..ounter. In total, some 105

scorable tasks were developed and selected for inclusion in the assessment.

Organizing Tasks into Blocks

Because only 60 minutes of response time was allocated to the
measurement of literacy skills, it was necessary to employ some form of item
sampling procedure to ensure broad and representative coverage of content. A
powerful variant of standard matrix sampling, called Balanced Incomplete Block
(BIB) spiraling, was used. In BIB spiraling, as in standard matrix sampling,
no respondent is administered all of the tasks in the assessment pool.
However, unlike standard matrix sampling in which items are assembled invo
discrete booklets, BIB spiraling allowed for the estimation of relationships
among all tasks in the pool through the unique linking of blocks. In the NAEP
assessment, the total item pool was divided into seven blocks of tasks, with
each block requiring approximately 17 minutes of administration time based on

field trials. Each respondent completed one of seven assessment booklets,

13
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each of which included three blocks of tasks, a set of seven core tasks, and a
30-minute background questionnaire.

One important outcome of this BIB spiraling design was that every task
was taken by a randomly equivalent subsample of the total sample of
respondents. In this assessment, approximately 1,500 individuals responded to
each task, except for the core which was attempted by all respondents. This
type of design ensured that reliable estimates of performance of the
population as a whole, as well as of major subgroups of interest, could be
derived for each task. Thau is to say, reliable estimates of the percentage
of each subgroup of interest who responded correctly to each task were

obtained (Kirsch & Juageblut, 1986).

Procedures

Data Collection and Quality Control

Data collection activities were performed by Response Analysis
Corporation (RAC) field staff over a six month period. Approximately 00
trained interviewers conducted individual assessments in the respondznts'’
homes. Each interviewer received and studied training materials and conducted
a practice interview. These materials were reviewed by RAC staff and
consultations were provided to clarify any problems noted. Interviewers who
were not highly experienced in interview procedures received additional
training in sampling procedures, general interviewing techniques, and in
administration of the assessment instruments. This training was conducted in

person with area supervisors in 12 regional training sessions.

14
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Each interviewer had responsibility for screening a selected set of
households, for following explicit instructions, for selecting an eligible
respondent within a household, and for conducting the assessment. In general,
the interviewer acted as a neutral proctor throughout every individually-
administered assessment. The interviewer guided the respondent through the
assessment using standardized instructions contained in interview guides
constructed for each of the seven assessment booklets.

To help assure that correct procedures were being ffollowed, RAC’'s office
staff reviewed all completed assessments. This involved: reviewing each of
the listings made; coding each interview with respect to the booklet used and
respondent characteristics; and reviewing each assessment to insure that a set
of key questions from each phase of the assessment had been completed. In
addition, 25 percent of each interviewer's completed assessments were
subjected to a quality control check. This check involved contacting the

selected respondents and verifying with them a selected set of questions.

Scoring

Most of the literacy tasks contained in this assessment involved open-
ended responses. A scoring guide was developed for each. During a one-week
period, eight individuals were trained by a supervisor to read and score the
responses. The scoring gui&es were discussed during the training period and
each trainee practiced on a selected set of actual responses. The scores
assigned were discussed by the group, resulting in some clarification to the

rules for assigning scores.
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All of the open-ended tasks in the assessment were subject to a 20
percent reliability check involving a second reading by a second scorer.
Scorer reliability was estimated on a weekly basis. Overall, the average
percent agreement among the eight scorers for all open-ended tasks was 96
percent. However, reliabilities among scorers on any given task, ranged from

86 to 100 percent.

Methods Underlying the Current Study

Materials

The Document Tasks

As noted earlier, the NAEP assessment contained some 100 tasks that
simulated the levels and types of processing associated with using printed
materials in our society. Based on theoretical considerations, NAEP chose to
represent the:rs tasks in terms of three categories or families of tasks: prose
literacy, quantitative literacy, and document literacy. Prose literacy tasks
required the reader to demonstrate knowledge and skills associated with
understanding and using information from texts that included editorials, news
stories, poems, and the like. Quantitative tasks required respondents to
perform different arithmetical operations, either alone or sequentially, with

L
information that was embedded in either prose or document formats. Document
tasks involved the knowledge and skills required to locate and use printed

information that was not in prose format, such as tables, charts, indexes,

forms, maps, schedules, and bills. In total, the 61 document tasks (involving
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37 different materials) that comprised this scale provided the data for the
current stucy.

These 37 materials, along with the corresponding questions and
directives, were analyzed relative to their structure and content. An
analysis of these materials and their corresponding questions and directives
was undertaken to identify specific variables that relate to the constructs
underlying subjects’ performance on these tasks and to determine the extent to
which those variables accounted for the variance associated with performance
on the set of tasks. An important issue of validity was addressed by
examining the extent to which the variables accounted for variance not only
for the total population but for particular subgroups as well.

A first step in carrying out these analyses was to develop a grammar to
describe the diversity of documents in the NAEP assessment. This grammar
provided the basis for constructing Materials, Materials-by-Task, and Process
variables. The grammar and the resulting variables are described in the

following sections.

g

roc

o

dures

A Grammar of Documents

Several grammars have been reported in the literature, e.g.,
Frederiksen’s (1975), Kieras and Dechert’s (1985), Kintsch's (1977), and
Meyer’'s (1975), but each tends to apply to a particular type of discourse
structure and genre (see de Beaugrande, 1981, and Mosenthal, 1983, for further

discussion). The intent here was to devise a propositional grammar that
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systematically describes the structure and content of diverse printed
materials. The new grammar (Mosenthal & Kirsch, in preparation) was based on
a significant revision of Mosenthal’s (1985) taxonomic grammar of the
expository continuum. In contrast with previous grammars, the grammar
developed for this study was designed to be broad enough to account for
documents as well as for other types of written discourse, such as technical
writing, prose, and advertisements.

The grammar consists of 23 semantic-relation categories (see Appendix A
for a listing,;. These categories are a synthesis from other propositional
grammars. Information is hierarchically ordered into three basic levels: (1)
the semantic feature, (2) the specific, and (3) the organizing category.

To illustrate these three levels, consider the Medicine Label document
and its corresponding linguistic representation in Figure 1. Semantic

features, the smallest unit of analysis, consist of arguments and relational

terms. Arguments are typically nouns. For instance, in Figure 1 (following
page), dosage in line 4, adults in Line 6, and teaspoons in Line 7 are
arguments in the phrase "Dosage: Adults - 2 teaspoons every 4 hours."”
Relational terms qualify arguments and the relationships between arguments;
such terms tend to be either verbs, adjectives, adverbs, and the like. For
example, 2 in Line 8 is a relational term that stands in an ATTRIBUTE (ATT)
relation with the noun teaspoons. The implied verb take (signalled by an *)
in Line 5 relates adults as an AGENT (AG) in Line 6 to teaspoons as an OBJEGCT

(OBJ) in Line 7.
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The semantic features, including the verb, make up a unit of SPECIFIC
(SPE} information, the next unit of analysis. In such instances, each
SPECIFIC (SPE) makes up a micro proposition (or main feature) of document
information. Note from Figure 1 (following page) that SPEs themselves can
take on different semantic relation values, depending upon how they relate to

preceding, contiguous information. For example, the SPE, directed by a

physician (Lines 26 and 27), stands in a CONDITIONAL (COND) relation,

signalad by unless, to the preceding SPE, do not exceed recommended dosage

(Lines 20 to 24).

SPEs can serve to provide more specific information for a preceding SPE.
as in the above example, or provide more specific information to a directly
preceding ORGANIZING CATEGORY. An ORGANIZING CATEGORY (OC), the highest unit
of analysis, consists of a generalized term of category that serves to
summarize or synthesize mére specific information (i.e., SPEs). The SPEs that
make up an OC share a similar semantic feature or set of features representcd
by the 0C.

For example, in the Medicine Label shown in Figure 1, there are two
explicit OCs, dosage (Line 4) and caution (Line 20). The Medicine Label also

contains a third, implicit OC, purpose of the medicine (Line 1). Implied

categories consist of information that must be supplied by the reader and are
denoted in the grammar by an (¥). DNote that this implied 0C, although not

directly stated in the document, is a common category shared by the SPEs, For

Stuffed Noses (Line 2) and For Running Neses (Line 3). Also observe that

there are two SPEs under the OC of dosage--namely, adults (Line 6) and
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For Stuffed and Running Noses:

Dosage: Adults - 2 teaspoons every 4 hours; children over 6 years -
1 teaspoon every 4 hours.

Caution: Unless directed by physician, do not exceed recommended
dosage. If drowsiness occurs, do not drive or operate
dangerous machinery. Individuals with high blood pressure,
heart disease, diabetes, or thyroid disease should use only as
directed by a physician.

*|\OC purpose
| |\SFE Por Stuffed Noses
| AND \SPE For Running Noses
*AND|\OC Dosage
{ | \SPE *take
IN\AG Adults
|\OBJ teaspoons
| \ATT 2
\TEMP hours
| \ATT 4
\ATT every

|

|

|

|

}

| AND \SPE *take

i |\AG children
| \ATT over six
| |\ATT teaspoon

|
|
|
|

e el nd el e
R /G R RS ISP T S RE

| \ATT 1
\TEMP hours

18 |\ATT 4

19 \ATT every

20 wAND \OC caution
| \SPE do exceed

22 ] *|\AG you

23 | |\OBJ dosage

24 | \ATT recommended

25 | |\NEG not

26 unless | COND \SPE directed

27 i I\AGT by physician

28 | * \OBJ you

29 #AND (\SPE do drive

30 OR (\SPE do operate

31 | * | \AG you

32 { {\OBJ machinery

33 | { \ATT dangerous

34 | | \NEG not

35 If|COND \SFE occurs

36 | \AG drowsiness

37 *AND \SPE should use

38 |\AG individuals with

39 | *OR|\ATT blood pressure

40 i | \ATT high

41 |  *OR|\ATT heart disease

42 | | #\ATT high

43 { *OR|\ATT diabetes

44 | | #\ATT high

45 | OR \ATT thyrcid discase

46 | #\ATT high

47 as COND \SPE directed

48 | \MAN only

49 \AG by physician

Fig. 1. A parsing of the Medicine Label document.
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children (Line 13). Each of these SPEs, in turn, consists of a set of
semantic features that stand in either an ATTRIBUTION (ATT) or TEMPORAL (TEMP)
relation to the two SPE categories.

The OCs, SPEs, and semantic features taken together make up an
information hierarchy. The macro structure of this hierarchy is defined by
the relationship among the different OCs. Note that the OC structure for the
Medicine Label consists of a sirgle vertical structure (The OC, purpose, is
related to the OC, caution, vertically by AND), as does the OC structure for

the bar graph in Table 1 and Figure 2.

Table 1

The NAEP Power Consumption Bar Graph by Energy Source and Year

Estimated U.S. Power Gonsumption by Source
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Fig. 2.

Parsing of the NAEP Pover Consumption Graph.

The macro structure is also defined by the relationship among the

different SPE categories relative to OCs and to one another. Note in the

Power Consumption graph, the major OCs consist of the years, 1971, 1980, 1985,

and 2000 (Lines 33 to 52), in which different amounts of power are predicted

to be

consumed (Note that the copyright date of this graph was 1973). Another

O is the implicit categvery, source of power (see Lines 22, 34, 53, 68, and

The SPEs (Lines 23, 25, 27, 29, and 31) are the different bar legends

represent five different sources of power, i.e., Coal, Petroleum, Natural

as, Nuclear Power, and Hydropower. The CONSTITUENCY IDENTIFICATIONs (or

©ls) in Figure 2 (e.g., Lines 50 and 65) represent the total amount of powver
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produced in that year. Together, these OCs and CIs, with their SPEs and the
ATTRIBUTES (ATTS) of these SPEs, make up the information hierarchy of the
Power Consumption graph.

Defining the Materials Variables

Several studies (e.g., Atwood et al., 1984; Duffy, 1985) have shown that
the complexity of materials influences the ability of users tc process
documents. In trying to account for complexity, this study identified six
Materials variables that were derived from the grammar and that relate to
length and organizational complexity. These variables included:

(1) the Total Number of OCs!;

(2) the Number of Emwvedded OCs;

(3) the Deepest Level of Embedding for an 0OC;

(4) the Total Number of SPEs;

(5) the Number of Embedded SPEs; and

(6) the Deepest Level of Embedding for a SPE.

The Total Number of OCs and SPEs. The Total Number of 0OCs and SPEs was

an arithmetic sum of the instances of each occurrence. For example, in the
Medicine Label document (Figure 1), there are two explicit OCs compared to
nine in the Power Consumption graph? (Figure 2). Similarly, there are ten
SPEs in the Medicine Label document while the Power Consumption graph contains
28. Across the complete set of documents, the number of OCs ranged from 0 to
156. The number of SPEs ranged from six to 990.

The Total Number of Embedded OCs and SPEs. The Number of Embedded OCs

consisted of all those explicit 0Cs that were embedded under an explicit OC.
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Since there were no explicit OCs embedded off an explicit OC in either the
Medicine Label or the Check Ledger, a score of zero was entered for this
category for both documents.

Similarly, the Number of Embedded SPEs included all those SPEs that were
embedded directly under a preceding, explicitly stated SPE. For example, in
the Medicine Label document, we see three embedded SPEs, i.e., the three SPEs

related conditionally (COND) to three preceding SPEs. In the Power

Consumption graph, there are two embedded SPEs, namely *amount required (Lines

8 and 9) and *quantity to raise the temperature of one pcund of water one

degree Fahrenheit (Lines 10 to 18). These two SPEs are embeddad under the

SPE, gquantity of heat (Lines 6 and 7).

The Deepest lLevel of OC and SPE Embedding. To determine the deepest

level of OC embedding, we simply counted the number of levels that an explicit
OC or CI, or series of explicit OCs and CIs, were embedded under a higher
explicit OC or CI node. In the Medicine Label and the Power Consumption
graph, we see that no OCs are embedded under a higher, explicit OC. Hence,
the level of OC embedding for these two documents was scored a one, which
represented the first level of information in the information hierarchy. Note
particularly in the Power Consumption graph that the CIs are embedded under

inferred 0OCs, namely, source of power; hence, these CIs did not count as heing

embedded.
Again, the deepest level of embeddings for SPEs consisted of the highest
number of levels that an explicit SPE, or series of SPEs, were embedded. 1In

the case of the Medicine Label document, we find three SPEs at the first level
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of embedding. Consequently, this document received a score of 2 for the
category of level of SPE embedding. This score represents the second level of
information in the information hierarchy. In the Power Consumption graph, no
SPEs are embedded under other SPEs, so it received a score of 0 for the

category of level of SPE embedding.

Defining Materials-by-Task Variables

Another set of variables was identified focusing on the relationship
between the document materials and their concomitant questions or directives.
Research (e.g., Bransford, Franks, Morris, & Stein, 1979; Embretson, 1983;
Kirsch & Guthrie, 1980; Morris, Bransford, & Franks, 1977) on the
identification of cognitive components to account for task variance in reading
comprehension has shown that models incorporating this interaction account for
significantly more variance than those restricted to materials variables
alone. Such component models acknowledge the fact that questisns and
directives set the goal, or purpose, for the reader or user. loreover, these
questions and directives help to determine what information should be
proce;sed and, thus, influence the strategies that are selected so that an
information processing goal is met (Barnard et al., 1979; Kirsch & Guthrie,
1984b: Pearson & Johnson, 1978; Sticht, 1977).

The Number of OCs and SPEs necessary to_complete a task. Again,

based on the grammar used to parse the document tasks, the first two
Materials-by-Task variables considered were .he number of explicit 0Cs and
SPEs, respectively, that a respondent had to process in order to complete a

task correctly. For example, one question, based on the Power Consumption
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graph in Table 1 and Figure 2, asked, "Which energy source is predicted to
supply the MOST power in the years 1980, 1985, and 20007" This question
required readers to identify three OCs: 1980, 1985, and 2000. This task also
required respondents to compare and contrast the percentage ATTRIBUTES of the
five SPEs, or five Sources of Power, three times.

Another example taken from the Medicine Label document is shown in
Figure 1. A question that asked, "What dosage should be given to adults?"

requires the processing of one OC, dosage, and one SPE, *take \AG Adults \OBJ

teaspoons \ATT 2, to ar.cive at the answer, 2 teaspoons.

The Deepest Level of OC or SPE Embedding Required by a Task. Two

additional Materials-by-Task variables considered the deepest level of
embedding at which a Materials-by-Task OC or SPE was locz®ad in the source
material. It was reasoned that the more deeply an OC or SPE in a question or
directive was embedded in the document macro structure, the more difficult it
would be to locate and identify relevant information and, consequently, to
complete a task (Meyer, 1985).

For example, referring back to the Power Consumption graph (Fig. 2), weo
might have asked, "What does BTU stand for in the graph’s title caption,
‘Quadrillion BTU's’?" To answer this, respondents would be required to

process three SPEs, gquantity of heat, *amount required, and *quantity to raisc

temperature of one pound of water one degree Fahrenheit. Because the third

SPE appeared at the third level of embedding, this task would be judged to

require processing at the third level of SPE embedding.
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The levels of Materials-by-Task OC embeddings ranged from zerv (where
there were no explicit 0Cs in the materials) to three (which occurred in
several tasks using a Bus Schedule, as well as in a task requesting particular
information about a school’s bus scheduling, lunch, and grading programs).
Because the levels of SPE embeddings for the Materials-by-Task variable were
almost entirely at the first level (and thus did not contribute to any score

variance), this variable was eliminated from further analysis.

Defining Process Variables

In addition to recognizing the interaction that occurs between the
document and the task, several studies (Fisher, 1981; Guthrie, 1988; Kirsch &
Guthrie, 1984b; Kirsch & Jungeblut, 1986; Wright, 1980 a, b) have attempted to
identify a set of procedures that describes the processes people engage in
when performing tasks involving documents. These procedures can be summarized
as follows: (1) Identify the given and requested information in a directive:
(2) search the document until requested information is located; (3) make a
match between the information identified in the document and the information
requested in the document; and, (4) determine whether the match adequately
meets the criterion of the task.

In light of these procedures, three variables were identified in this
study as influencing the performance of users in completing document tasks.
These included: (1) Degrees of Correspondence, (2) Type of Information, and
(3) Degrees of Plausibility. These are consjdered in turn.

Degrees of Correspondence. This variable refers to the explicitness of

the match between the information requested in the directive or question and
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the corresponding information in the text. The reasoning here was that
literal matches are more easily made than inferential text-based matches; and
inferential text-based matches are more easily made than matches requiring
specialized prior knowledge (Carpenter & Just, 1975; Hampton, 1987). The
scoring scheme for Degrees of Correspondence is presented in Appendix B.

Tvpe of Information. This variable refers both to the type and nature

of information requested in the task. As previcus research (e.g., Carpenter &
Just, 1975) has shown, the fewer features needed to be identified and matched,
the easier the task. Moreover, the fewer the restrictive conditions that must
be held in mind in identifying and matching features, the easier the task.

And finally, tasks that require literal matching of information contained in
the document to the information requested in the question or directive are
easier than those requiring some type of inference on elaboraticn process.

The scoring scheme for Type of Information is presented in Appendix C.

Plausibility of Distractors. This variable refers to the extent to which

information in the materials shares semantic information with the correct
answer to a question or directive, but does not satisfy all conditions
specified. 1In weighing alternative choices before completing a task, users
must skim documents to identify which features, SPEs, or OCs best match the
features of the information requested in a question or directive. As the
number and relationships among plausible alternative choices increases, so
does the difficualty of the document task (Brown, 1986; Drum, Callee, & Cook,
1981). The scheme for scoring Plausibility of Distractors is presented in

Appendix D.
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Reliability
A final procedure involved obtaining reliability estimates for parsing
the document tasks and scoring the process variables.

Scoring reliability for the Materials variables. To determine the

reliability of parsing cthe document scale, 12 of the 37 documents were
randomly selected. This was accomplished by listing each of the materials anc
selecting every third document. Next, a third person was trained to parse tr.
tasks using the grammar developed. Reliability estimates were obtained by
counting and comparing the total number of OCs and SPEs identified by the
authors and the third person. The reason for estimating reliability based on
these two levels and not specifically at the semantic feature level was
because only the OC and SPE levels and general features within the SPE level
were used to identify variables for this study; particular semantic feature
relation categories per se did not define any variables identified in this
study.

among the Materials OC variables, there was 98 percent agreement between
the authors and the third person in terms of identifying what constituted an
explicit OC; 100 percent agreement for the number of OCs that were embedded:
and, 98 percent agreement for the level of OC embedding. Similarly, among the
Materials SPE variables, there was 96 percent agreement in terms of what
information was identified as SPEs; 93 percent agreement for the number of
SPEs that were embedded; and, 88 percent agreement for the level of SPE

embedding.
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Scoring reliability for the Materials-by-Task and Process variables. To

determine the reliability for scoring the Process variables, the two authors
first scored ;11 the tasks in terms of the Degrees of Correspondence, Type of
Information, and Plausibility of Distractors. Next, a list of tasks was
devised by rank ordering the 61 tasks from easy to difficult based upon each
task’'s P-value. Every third task was then selected from the list, so that a
total of 21 tasks were identified representing the range of document task
difficulty.

A third rater was then trained on the rules for each of the Materials-by-
Tasks and for each of the Process variables. This training was carried out
over tasks other than the 21 which also represented the range of document task
difficulty.

Next, the third rater independently scored each of the 21 tasks on each
of the Materials-by-Task and Process variables using the scoring schemes
described in Appendices B, C, and D. When comparing this rater’s scores to
those of the authors’, the following reliabilities based on percent agreemcnt
were achieved. On the Materials-by-Task variables, there was 96 percent
agreement for the Number of OCs required by the question or directive;

99 percent agreement on the Level of OC Embedding required by the question or
directive; and 90 percent agreement for the Number of SPEs requested in the
question or directive. Among the Process variables, there was 95 percent
agreement on Degrees of Correspondence; 86 percent agreement on Type of

Information; and, 90 percent agreement on Plausibility of Distractors.
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Results
In the previous section, three sets of variables were identified and
described as they were hypothesized to contribute to our understanding of how
these variables influence young adults’' performance on document tasks
representing different levels of difficulty. Here we describe the results of
the analyses that were performed with these variables.

First, zero-order correlations were computed between scores on each of
the Materials, Materials-by-Task, and Process variables and the percent l
correct or P-values for each of the document tasks. Percents correct l
represent the weighted percentages of 21- to 25-year olds who responded '
correctly to each of the 61 document tasks. The typically negative ‘
correlations (Table 2) between the materials and materials-by-task variables
reflect the fact that higher P-values represent easi.. tasks. That is, more
complex materials tend to be associated with more difficult tasks and, hence,
tasks with lower P-values. It should be recalled that through the BIB

spiraling design adopted for the NAEP assessment, each of the tasks was

administered to a representative sample of some 1,500 young adults.

Zero Order Correlations

Table 2 shows the results of correlating scores on the three sets of
variables w.th P-values. In addition to studying the pattern of
relationships for the total population of young adults, we wantec to examine

differences in the patterns of correlations across subgroups of interest.
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Tabla 2

Zero Order Correlations among P-Values and Materials,

Materials-by-Task, and Process Variables for Total Young

Adult Population and Major Subgroups*

Total P White P Black P Bispanic P 0-8 9-12 Bigh Post High
Schoal School
Degrae Degree

Materials
No. of OCs -.38 -.37 -.38 -, 43 -.36 -.40 -.538 -.29
No. of OCs

Embedded -.33 -.32 -.32 -.28 -.16 -.26 - .34 -.30
Levels of OC

Embeddings -.28 -.28 -.26 -.28 -.20 -.25 -.28 -.29
No. of SPEs -.57 -.58 -.48 -.54 -, 47 -.53 -.55 -.58
No. of SPE

Embeddings .01 .01 -.01 -.05 -.20 ~-.05 .03 .01
Levels of SPE

Embeddings .01 .02 -.05 ~.01 -.12 -1 .02 .06
Materials-by-Task
ko. of OCs -.61 -. 61 -.53 -.80 -.48 -.57 -.57 -.866
Levels of OC

Embedding -.25 -.26 -.18 -.22 -.19 -.23 -.23 -.52
No. cof SPEs - .52 -.53 ~.50 -.53 -.45 -.51 -.50 -.52
Process
Pegrees of

Correspondence .48 .48 .49 .51 .36 .50 .51 LA
Tvpe of

Information .85 .85 .83 .83 .66 .80 .85 .80
Plausibility

of Distractors .58 .58 .57 .58 .43 .51 .60 . 54

*Appendix E shows intercorrelations among these variables.

Therefore, correlations were also computed for White, Black, and Hispanic
young adults, as well as for young adults having various levels of education:
0 to 8 years of schooling; 9 to 12, but no high school diploma; a high school
diploma and/or some post-secondary experience; and at least a 2-year, post-
secondary degree,.

In general, the pattern of correlations found for the total population
held for the subgroups as well. The highest correlation was found for Typc of

Information. This Process variable correlated at least .80 for each group,
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with the exception of persons with O to 8 years of education (.66). Other
variables having correlations above -.50 included one Materials variable
(Number of SPEs), one Process variable (Degrees of Plausibility), and two
Materials-by-Task variables (Number of Organizing Categories requested in the
question or directive, and Number of SPEs asked for by the question or
directive). Again, the correlations were lower for the group with O to 8
vears of education. The lowest correlations were obtained for two of the
Materials variables -- Number of SPEs Embedded and Level of SPEs Embeddings.

In addition to these general findings, there were several noteworthy
patterns, particularly across levels of education. For example, with the
Number of SPEs contained in the materials, the correlation rose from -.47 for
those with 0 to 8 years of education to -.53 for those with 9 to 12 years, but
no high school diploma; to -.55 for those having high school diplomas; to -.59
among those with at least a two-year degree. Conversely, the Number of SPE
Embeddings in the materials correlated highest (-.20) for those with 0-8 years
of education. It decreased to -.05 for those with 9-12 years: to .03 for
those with high school diplomas; to .Jl for those with at least two-year

degrees.

Regression Analyses

Next, a series of regressions were run for the total population and for
the major subgroups. The regressions were run using the multiple regression
routine in the STATISTIX software package. The decision was made to enter
into the regression equation those variables that had a zero-order correlation

of at least .30. This level of correlation corresponds to roughly an alpha of
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.01. Applying this rule resulted in the elimination of three Materials
variables for each group: Level of OC Embedding, Number of SPE Embeddings,
and Level of SPE Embeddings. Also, one Materials variable, number of OCs
Embedded, was eliminated for Hispanics and for those with O to 8 and 9 to 12
years of education. In addition, one Materials variable (Number of 0Cs) was
eliminated for those with the highest level of education, and one Materials-
by-Task variable was eliminated for all groups (Level of OC Embedding).

Table 3 shows the results of the regression analyses. The numbers in the
table represent the level of significance for each of the variables included
in the model. Levels of significance at or below .05 represent variables in
which the standardized regression weights are at least two times the standard

error of measurement.

Table 3

The Significance Levels of the Predictive Variables in the

Regressions for Total Population, Racial/Ethnic Groups, and

Levels of Education with Overall R-Squared Values

Total Whites Blacks Hispanics 0-8 9-12 High Post High
School School
Degree Degree

Materials
No. of CCs .66 41 .70 .09 .33 .37 .70 --
No. of OCs
Embedded .13 .18 .23 -- - -- .07 .40
No. of SPEs .01* .01 .66 .29 .42 .22 04w .00
Materials-by-Task
No. of OCs .01» .01 .05* .00* .08 .01+ .01~ .01+
No. of SPE .01 .01* .03* .01* .09 .02*% .02* .03
Process
Degrees of
Correspondence .01~ .01* .01# .01 .21 .01* .01* .01
Type of

Inforwation L0t .01 .01 .01 .02+ .01+ .01* .01+
Plausibility
of Distractors .27 .29 .38 .06 .84 .84 .12 .95
Multiple R .94 .94 .90 .83 .75 .90 .94 .92
R-Squared .88 89 .81 .87 .56 .81 .88 .84
Adj. R-Sqd .87 .88 .78 .86 .50 .78 .86 .82

W Significance levels at .05 and less.
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Overall, there were five variables that contributed significantly to
account for the variance in P-values across each of the groups of interest.
Two of these were Process variables: Degrees of Correspondence and Type of
Information. With one exception, these variables were significant at the
.02 level or above for each group. The one exception was among young adults
reporting 0 to 8 years of education. For this group, Degrees of
Cerrespondence was not significant.

Two Materials-by-Task variables were also highly significant across each
of the groups, with the exception again being among young adults reporting
0 to 8 years of education. These variables were Number of OCs and Number of
SPEs stated in the question or directive that needed to be processed relative
to the document in order to arrive at the correct answer.

The fifth significant variable, Number of SPEs, is a Materials variable
that primarily reflects the amount of information contained in the document.
Unlike the other four variables which vere significant for each group (the
exception, being among those with 0 to 8 years of education), this variable
was significant for the total population; for White young adults; and for
those reporting a high school diploma or = post-secondary degree. It did not
reach significance, however, for Black or Hispanic young adults, ot for those
young adults who reported less educational experience than a high school
diploma.

In addition to showing those variables that had regression weights that
were at least two times the standard error, Table 3 also indicates the amount

of variance that was accounted for by each of the regression analyses. For
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tie total population, the five significant variables accounted for 89 percent
of the variance. Among racial/ethnic groups, the variance accounted for
ranged from 89 percent for Whites, to 87 percent for Hispanics, to 81l percent
for Blacks. Similarly, with one exception, these variables accounted for over
B0 percent of the variance for young adults having different levels of
e#ducation. The one exception was among those with 0-8 years of education.

For this group, only 56 percent of the variance was accounted for.

Discussion

Summary of findings. The purpose of this paper was to identify the
~ritical variables that underlie task difficulty for a nationally
iepresentative sample of young adults. To this end, three groups of variables
were identified through the use of a propositional grammar and analyses
conducted,  These groups of variables related to: (1) materials,

12) the interaction between materials and task, and {3) prccess, or response,
cariables. Materials variables involved measures of document complexity and
length. Materials-by-Task variables represented the type of information
requested in a directive or question that needed to be processed in the
nif»rials in order to arrive at a correct answer. Process variables
ronsidered several factors that related to the processes of identifying,
locaring, matching, and responding to information in a document task.

The following variables were identified as significantly influencing

document task difficulty for the total population of young adults, ages 21 to
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25, as well as for select subgroups of this population. Among the five
Materials variables investigated, the Number of SPECIFICs in the document was
the only significant predictor of performance for the total population, for
White young adults, as well as for respondents with a high school diploma and
those with a post-secondary degree. The Number of SPECIFICs was a measure of
length and amount of material in a document. As the Number of SPECIFICs
increased, so did the difficulty of the document.

Among the four Materials-by-Task variables studied, two emerged as
significant predictors for bo*a the total population and the subgroups (with
the exception of respondents with less-than-high-school-educational attainment
level). These variables included the Number of ORGANIZING CATEGORIES and the
Number of SPECIFICs needed to be processed in order to complete a task
correctly. In general, as the Number of ORGANIZING CATEGORIES and SPECIFICs
requested by a task increased, so did the difficulty level of a document task.

Finally, among the three Process variables identified in this study, two
were significant predictors of both the total population’s and the subgroups’
performance. These included the Degrees of Correspondence and Type of
Information. Degrees of Correspondence referred to how explicit the
relationship was between the information requested in the task and the
information in the materials; the less explicit this relationship was, the
more difficult the document task was to complete.

Type of Information referred to the nature of processes that respondents
engaged in to complete a task. Tasks that involved identifying, locating, and

matching one sec of features in the task to a corresponding set in the
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materials were relatively easy compared to those that required identifying,
locating, and contrasting several sets of features in the task to
inferentially related sets of features in the materials. These latter tasks
were substantially more difficult.

Significance of the findings. The significance of the above-mentioned

variables is that, basically, they are excellent predictors of document
difficulty for both the total population of young adults, as well as for
subgroups of interest. For the total population, the sets of variables
accounted for 89 percent of the variance in the distribution of percent-
correct scores. Among racial/ethnic groups, the variance accounted for ranged
from 89 percent for White, to 81 percent for Black, to 87 percent for Hispanic
young adults. Among levels of education. the variance ranged from 56 percent
for those with 0 to 8 years of schooling; to 8l percent for those with 9 to 12
years; to 88 percent for those reporting a high school diploma and/or some
post-secondary experience; to 84 percent among those with at least a 2-year
degree.

Given these results, this study makes two significant contributions.
First, this study provides a theoretically based set of procedures for
enhancing our understanding of document literacy. To date, testing a
document’s effectiveness has largely been based on an experimental design or
qualitative analysis of users’ performance on a single document task
(Schumacher & Waller, 1985). In contrast, the current study illustrates an
alternative approach, one based upon identifying the cognitive variables that

profile task difficulty. For this set of procedures, task difficulty was
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defined using the percentage of the population who were able to complete each
task successfully within the domain of tasks. First, tasks were
systematically represented using a descriptive grammar. Next, three sets of
variables were generated that appeared to account for the rank ordering of
tasks in terms of their difficulty. These sets of variables reflected the
structure and complexity of the materials, the nature of the interaction
between the materials and the corresponding question(s) and directive(s), and
the processes of the reader.

Using this approach, similar task profiles could be established for any
pcpulation of users and for any population of document tasks in any type of
setting, e.g., military, government, or industry. This could be done by
identifying the range of literacy tasks associated with any given occupation
(Rond, Eastman, Gitomer, Glaser, & Lesgold, 1984). These tasks would then be
administered to a sample that adequately reflected the population of users for
that domain of tasks. The tasks would then be systematically parsed using a
grammar, such as the one described in this paper. ©Next a set of critical
variables, such as those generated for this study, would then be tested in
terms of how weil they described and predicted task difficulty.

A second contribution of this study is that by generating a set of
variables that accounts for almost 90 percent of the variance over a broad set
of document tasks, it provides a foundation for a theoretical model of
document processing. Once available and validated, this model would provide a
basis for: (1) identifying, developing, and refining instructional programs

that systematically address the skills and strategies that readers use to
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complete a wide variety of document tasks; and (2) a thecry of document design
to waximize the effectiveness of documents for all user groups in a document
network. The need for such a model is particularly important given the
functions documents serve in our lives «nd the increasing need for producing

and processing documents more efficiently.
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Footnotes

1 Note that only explicitly occuriing 0Cs were counted in (1), (2), and (3):
inferred OCs were not counted because it was arbitrary to posit when an OC was

or was not inferred.

2 CONSTITUENCY IDENTIFICATIONs (CIs) were also counted as OCs. This is
because a CI acts much like an OC under a particular set of circumstances; in
short, a CI relates two or more sets of quantitative categories which have

been added, subtracted, multiplied, or divided to create a total.
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Appendix A

Parsing Categories

Relates two assertions that make different claims about a
cause-and-effect or conditional relationship.

E.g., This study shows that the disease was caused by a virus;
the other study suggests that the disease was caused by
bacteria.

Relates an action with an immediate cause or outcome.

E.g., The man writes letters.

Relates two complementary actions or states.

E.g., The grass is green and the sky is blue.

Relates an object or object set with an attribute or quality;
applies directly only to SPECIFIC level information and not to
RI or CI level information.

E.g., The tall man walked quickly.

Relates some cause, or influencing factor, with an effect or
outcome.

E.g., Martha quit the game because Matilda cheated.

Relates two statements that share the same feature or set of
features.

E.g., The virus in this jar is like the virus in the other

jar; both cause influenza.
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CONCESSION - Relates two counterfactual or counterintuitive statements.
BUT E.g., Your aunt likes you but your uncle doesn’t.
CONDITION -  Relates a prerequisite existence of one thing to the
COND occurrence of something else.

E.g., If Martha goes, then Henry will go.
CONTRAST - Relates two topics, or statements, that vary in degree or kind
CONT in terms of one or more differentiating features.
E.g., John has more than Tim.
E.g., This solution is an acid; that solution is a base.
CONSTITUENCY IDENTIFICATION - Relates two or more sets of quantitative
CI categories which have been added, subtracted, multiplied, or
divided.
E.g., Total Cost.
EQUIVALENT - Relates two identical objects or object sets.
EQUI E.g., John is the teacher.
Also relates a unique SPE to a given category.
E.g., Micky Bitsko's phone number is 335-2346.
EVIDENCE - General information is supported by subsequent facts or
EVI findings.
E.g., before a list of facts, one states:
Environment is a more important determinant of behavior than
heredity. The following list of facts would constitute the

evidence (EVI).

51




Understanding Document Literacy

Previously presented facts or findings are stated in a

EXPLANATION -
EXP more general manner, such as in the form of a law, principle,
hypothesis, or prediccion.
E.g., after a list of facts, one concludes:
These facts lead one to believe that environment
is a more important determinant of behavior than
heredity.
GOAL - Relates a purposive state or event with a desired or intended
GOAL outcome.
E.g., The man breaks the window to replace the cracked glass.
LOCATIVE - Relates an object or action to some point in space.
LoC E.g., The dog is at home.
MANNER - Relates a class of actions with an attribute that is a
MAN property of the action class. 1In short, describes the
characteristics of actions.
E.g., The dog ran quickly.
NEGATIVE - Negates or nullified a state or action.
NEG E.g., John is not going, nor is his sister.
OBJECT - Relates an action with an object that is affected by the
OBJ action.
E.g., Bill hit John.
OR - Relates two alternative actions or states.
OR E.g., Tasha is in New York or in London.
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ORGANIZING CATEGORY - A generalized term or category that serves to

ocC

RECEIVER

REC

SPECIFIC

SPE

TEMPORAL

TEMP

summarize or synthesize a specific or a series of specifics.
Series of specifics are those that share a similar feature or
set of features represented by the OC.

E.g., The category Balance in a check ledger.

A person, place, or thigg that is a receiver of some action;
a person, place, or thing that benefits from some action.
E.g., Mary gave John the book.

More specific information about a topic, category or another
specific is provided to conceptually qualify this topic,
category, or specific. Often characterized by verbs or
features refining an OC.

E.g., After John went to the store, he went home.

Relates a state or action to some point in time.

E.g., Nannette tales a long walk on Sundays.
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Appendix B

Scoring for Degrees of Correspondence

Score 5 if readers must complete the task by making a literal match
between information (OC, SPE, or semantic features) in the directive or
question and information in the text.

For example, consider the task to identify the date when a driver's

license expires. This task involves making a literal match between date and

expires in the directive with the OC, Expiration Date, on the driver’s
license. The SPE to this 0OC is the answer.

In a second example, a question on the document entitled, "Facts about
Fire," might have asked, "What is the economic loss caused by industrial fires

annually?" To answer this, readers might make the literal match between

industrial fires in the question and industrial fires in the SPE, "Industrial

fires in the U. S. each year cost some 46,000 firms about $236 million in

property losses" to arrive at the correct answer, $236 million.

Score 4 if, to complete the task, readers must identify synonymous
information in order make a match between information (0OC, SPE, or semantic
features) in the directive or question and information in the materials.

For example, one task required readers to "Circle the sign that tells
you that you are coming to a traffic light." To complete this, readers had to
recognize that the information on the sign, Signal Ahead, in the materials was

synonymous with coming to a traffic light in the directive.
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Score 3 if, to complete the task, readers must make a low text-based
inference in order to make a match between information requested in a
directive or question and information in the materials.

For example, given an article entitled, "Facts about Fire," a question
might have asked readers to identify, "For what sector of society do yearly
fires have the severest economic consequences?" To answer this, readers
would have to identify the cost of fires listed for (1) schools and colleges,
(2) churches, and (3) industries; next, they would have had to compare the
costs and identify $236 million as being the largest; finally; they would have

had to recognize that this sum was associated with industries.

Score 2 if, to complete a task, readers have to make a high text-based
inference in order to make a match between information requested in the
directive or question and information in the materials.

For example, a question might ask, "On what page in the almanac can one
convert Celsius to Fahrenheit?" In order to answer this question, readers
might make the high text-bascd inference, temperature, as being the OC for
Celsius and Fahrenheit. Using this OC, readers would then look to see if, in
fact, that this was a category in the almanac under which the Celsius and

Fahrenheit Conversion Table could be found as an SPE.

Score 1 if, to complete a task, readers must draw upon special prior
knowledge in order to make a match between information .n a directive or

question and information in the materials.
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For example, one task required readers to take information in an almanac
table and re-enter it as the horizontal and vertical axes of a graph; in order

to complete this task, readers were required to have unique knowledge of how

to set up horizontal and vertical graph descriptors.

56

ERIC

Aruitoxt provided by Eic:




Understanding Document Literacy

Appendix ¢

Scoring for Type of Information

Score 5 i1f, to complete a task, readers must:

a. Make a literal match between one SPE, or one or more features of an
SPE (such as an AG, verb, or ATT), in the requested information in the
directive or question and the same SPE or features in the materials; the
answer identified as a consequence of this match is located in the same SPE or
explicit OC node wherein the SPE or feature match was made.

For example, a task related to the Medicine Label document in Fig. 1
could have asked, "How many teaspoons of medicine should an adult take?" To
answer this, readers must make a literal match between adult and teaspoons in
the question to Adults (in Line 6) and teaspoons (in Line 7) in the materials.
Note that the answer, 2 (in Line 8), appears under the same SPE node (i.e.,

*take in Line 5) as do Adults and teaspoomns.

b. Make a literal match between one set of SPEs, which are supplied from
a context other than from the directive or from the materials, to an 0C in the
materials that 1Is stated or easily inferred.

For example, consider the task where one must fill in one’s address on a

job application. The OCs of the address include: Name, Apartment Number,

Road, City, State, and Zip. These features could be considered separate SPEs,

but because the same features are requested whenever one has to fill in one’'s
address, they are instead grouped under one implied OC (i.e., *0C, Address).
Thus, in this instance. the task is viewed as identifying one set of SPEs for

the one *0C, Address.
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Score 4 if, to complete the task, readers must:

a. Make a literal match between one SPE (or one or more features of an
SPE) in the directive or question to a corresponding SPE (or feature in the
materials) in the same SPE or 0C in the materials; the answer identified as a
consequence of this match 1s a low text-based inference that is located in the
same or adjacent SPE or explicit OC node wherein the SPE or feature match was
made.

For example, a task related to the Medicine Label document in Fig. 1
could have asked, "Before taking this medicine, what should you do if you have
diabetes?" To answer this, the user must match diabetes in the question to
diabetes (in Line 43). Based on this match, reader must then identify the SPE
(in Line 37), should use, and the CONDITIONAL (COND) in Lines 47-49, as

directed only by a physician. Based on this, readers must make the low text-

based inference to answer “he question, "I should first consult a physician."
Again, note that the CONDITIONAL SPE was within the same SPE as the ATTRIBUTE,
diabetes.

b. Identify in the materials an OC that represents the same kinds of SPEs
(e.g., different sources of energy) but vary in degree (e.g., amount of yearly
energy consumption by source) or salient characteristic; select the SPE that
contains the key literal feature requested in the directive or question (e.g.,
year of production) by making a positive comparison.

For example, given a bar graph showing the amount of power (such as in
Table 1) that different sources of energy produced in a four-year period, a

question might ask, "Which energy source supplied the MOST power in the year
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1980?" To answer this, respondents first have to identify the 0C, 1980.
Next, they have to select the energy source that has the highest percentage of

BTU output in that year.

Score 3 if, to complete the task, readers must:

a. Infer an OC in the materials whose features are either the same as or
synonymous with the requested information in the question or directive. Make
a match between the inferred OC in the materials and the OC in the requested
{information. Once the match has been made, locate a SPE under the materials
OC that completes the task directive or question correctly.

For example, a directive for a monthly telephone bill was to circle the
month’s charge for long distance calls. To complete this task, a respondent

had to infer the OC, Calls Outside Local Area in the materials and identify

this as being synonymous with the OC in the task, charge for long distance

calls. After verifying this match, respondents then had to identify the SPE,

$15.49, under the OC, Calls Outside Local Area.

b. First, identify an SPE in the question or directive within one OC in
the materials. Second, identify a SPE in the question or directive within a
second OC in the materials. Finally, conjoin the two SPEs in the materials in
a way that satisfies the requested information. This applies primarily to
information organized in a matrix fashion wherein the SPEs are organized under
0Cs that are arranged in a single horizontal column across the top of the
matrix; the SPEs are contiguous on the same line.

For instance, a task had to do with the time that a person at a nursing

home had returned. Information regarding each person was kept on a signout
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sheet that had the following single horizontal column OCs: Date, Time Out,

Resident, Returned, and Reason. To complete this task, a respondent had to

first identify the 0OC, Resident, and then the SPE, Mrs. Farr. Next, the
respondent hs to identify the related OC, Returned, and its SPE. All these
SPEs were on the same horizontal line in the document. Given that no time was
specified in the SPE slot on the form, the answer was Mrs. Farr had not yet
returned to her room.

c. Identify an OC in the materials that represents the same kinds of SPEs
(e.g., different sources of energy) but vary in degree (e.g., amoun. of yearly
energy consuiiption by source) or salient characteristics. Select the SPE that
contains the key selected feature requested in the directive or question
(e.g., year of production) by making a negative contrast.

For example, given a bar graph showing power consumption by scurce over a
four year period, a question asked, "In the year 2000, which energy source is
predicted to supply less power than coal?" To answer this, respondents first
had to identify the SPE, coal, within the 0C, 2000. Then they had to compare
the amount of power consumption for each of the four energy sources relative

to coal’s power consumption amount.

Score 2 1if, to complete the task, readers must:

a. Identify and match an SPE or OC to a second OC several times such that
each subsequent match depends upon the successful completion of the preceding
match. This applies primarily to maps and to documents where the OCs are
listed in both rows and columns and OCs are nested within OCs either in the

horizontal or vertical column, or both.
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For example, given a street map of several city blocks, a question was as
follows: "Begin at the Fourth Avenue side of City Hall; go west to Beech
Street, north one block and then west two blocks. You are now on the corner
of what two streets?" To complete this task, respondents had to locate a SPE
on the map before identifying a next SPE; in the event that a preceding SPE
was misidentified or mislocated, then the subsequent SPEs were incorrect.

Another example of this case involved the use of a bus schedule document.
The question read, "When does the last bus from the Downtown Terminal leave
Citadel?" To answer this, respondents first had to identify a series of
interrelated OC's, representing different levels of embedding; these OCs were

namely Outbound, Leave Downtown Terminal, Leave Citadel, and PM. The SPE

within these nested OCs was the time, 6:45.

b. Identify in the materials the same SPEs in two different OCs of the
same kind (e.g., two different dates) and compare the features of the SPEs to
identify the appropriate SPE requested in the question or directive.

For example, given a bar graph of four different power sources over a
four year period, a question asked, "In the year 2000, which energy source is
predicted to supply a larger percentage of the total power than it did in
1971?" To answer this, respondents had to identify the two 0OCs, 2000, and
1971. Next, they had to compare the amounts of power produced by each of the

five energy sources for these vears. The SPE, Nuclear Power. had the ATT,

6%, in 1971 and 25.75% in 2000.
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¢. Create a SPE within an OC based upon observing the pattern of SPEs
within a set of 0Cs in the materials.

For instance, a table showed the sales patterns by season for three
years. A task was to predict the sales pattern for a season in an upcoming

sales year. The set of OCs included the sales year and season within sales

year. Another OC was amount of sales. Based upon the consistent pattern of

SPEs of amount of sales over a three season period, respondents had to predict

the SPE of amount of sales in a yet undetermined sales year.

d. Identify relevant features from a paragraph of specific information
that precedes the question or directive and then enter these features under an
0C with no SPEs specified.

For example, given a phone message form, a context was set where a
caller, James Davidson, was inquiring whether a set of contracts were
satisfactory; he requested an answer via return phone call by 2:00 pm. A task
required respondents to complete the message form. To do this, respondents
had to identify the OC, Message, and enter the relevant SPEs presented in the

context.

Score 1 if, to complete the task, readers must:

a. Identify and match an SPE or CC to a second OC several times such that
each subsequent match depends upon the successful completion of the preceding
match; as a last step, select one SPE over another based upon SPE conditional
information.

For example given a bus schedule, a question asked, "On Saturday morning.

what time does the second bus arrive at the Downtown Terminal?" To answer
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this, respondents had to identify the OCs, Arrive Downtown Terminal and AM.

The second bus arrival time in the schedi'le was qualified with the SPE

condition, Mondav through Friday only. The third bus arrival time had no such

condition; this time held for weekends as well as week days. Because it was
Saturday, respondents had to keep in mind the conditional that special week
day buses were not available on Saturday. Hence, the answer was the time
specified for the bus listed third in the schedule.

b. First, identify and match an SPE or OC to a second OC several times on
one information source such that each subsequent match depends upon the
successful completion of the preceding match. Second, repeat this process for
a second information source that has the same OCs but in a different format
style than the first information source. Enter SPEs from the first
information source under the corresponding OCs in the second information
source.

For example, a task required respondents to identify the amount of oil
exported by OPEC and NonOPEC nations to the United States over a six year

period. This information was presented in a table in the World Almanac.

Respondents then had to transfer this information from the almanac table to a
graph, where they had to plot the amount of oil exported by OPEC and NonOPEC

nations for four years.
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Appenuix D

Scoring for Degrees of Distractor Plausibility

Score 5 if there were no distractors.

This was characteristic of such things as the job application and social
security form tasks where respondents had to enter SPEs under different OCs
followed by blank lines.

For example, given the task to sign one's name to a Social Security
card, there is only one OC, Signature, followed by a line for the person's
signature; there are no other OCs followed by an empty blank in the Social

Security card related to one’s signature.

Score 4 1f:

a. Distractors, like the answer, are exemp.. s of the same explicit or
inferred OC and appear only within this 0C. This was characteristic of such
tasks that required respondents to identify information within a row or column
of a table, graph, chart, or map.

For example, given a bar graph with five sources of power by year over a
four vear period, a task might require respondents to identify the energy
cource that supplied the MOST power in the year 1980. The answer was the SPE,
petroleum. The other sources of power represented in the 0C, 1980, would be
distractors in the sense described in (a).

b. One or more distractors share a set of similar critical features as the

answer but these distractors occur under a different OC node than the answer.
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For example, a task asked respondents to identify the expiration date of

a license. This date was specified under the OC, Expiration Date. In

addition, another OC, Issue Date, specified a second date. The Issue Date
specified was a distractor in the sense described in (b).

¢. One or more OC distractors contain SPEs that share a set of critical
features with the SPE under the OC answer. Applies primarily to documents
arranged in a text format. Again, distractors are in a different 0OC node than
the correct response.

For example, 3 task asked respondents to identify which of three buses
(the bus numbers were the 0Cs) stopped at a particular intersection. Under

the other bus numbers (i.e.,0Cs), streets were also listed.

Score 3 if one or more distractors share a set of similar critical
features as the answer with one distractor occurring within the same 0C or
node In which the answer appears. This appliles to information organized
primarily in text format.

An example of this was the Medicine Label task that asked, "How much
medicine should be given to children over 7?" Note in Fig.l under the OC,
dosage (in Line 4), there 2re two amounts given (in Lines 8 and 10); both
amounts are reported in the measurement of teaspoons and, hence, share this

critical feature.

Score 2 if:
a. Under different OC categories the same exemplars are listed. Within

an 0C category, exemplars take on different quantitative attributes. Thus
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distractors result not only from exemplars within an OC but also across OCs.
Instances of this occur where comparisons are made between two or more OCs
having the same list of exemplars.

For example, imagine a task that requires respondents to identify a
source in a bar graph that shows one of five power sources increasing in
output from one year to another. In both years, those power sources that
decreased as well as the one that increased are identified; these decreasing

snurces serve as distractors as described in (a).

Score 1 if distractors are listed in a multiple choice format and the
answer is a SPE within multiply embedded OCs. This information is generally
presented in matrix form. Moreover, one of the distractors is an exemplar
that occurs within the same level of OC embedding as the answer. Two other
distractors occur within the same OC as the answer but at different levels of
embedding.

An example of this was the multiple choice question, "When does the last

bus from the Downtown Terminal leave Citadel?" The 0C, Leave Citadel,

appeared both under the 0OCs, Outbound from Terminal and Inbound toward

erminal. In addition, the OC, Leave Citadel was embedded under the 0Cs, AM

and PM. The answer and a dis:ractor appeared under the OC, Leave Citadel,

that was embedded urder the OCs, Outbound and PM. A second distractor

appeared under the OC, Leave Citadel and the O0Cs, Inbound and PM. Finally, a

third distractor appeared under the OC, Leave Citadel and AM.
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Appendix E

Intercorrelations Among Materials, Materials-by-Task,

and Process Variables

Materials : Mby T Process

(L) (2) (3) (&) (5 (&) (7) (8 (9 (10) (11) (1Z)

Materials

(1) No. of 0OCs 1.00 .25 .09 .52 .31 ~-.20 -.00 .13 -.10 ~-.45 -.40 -.19

(2) No. of 0OCs 1.00 .74 .18 -.18 ~-.05 .29 .41 -.04- .02 -.29 -.34
Embedded

(3) Levels of 0OC 1.00 .12 -.12 .15 L4144 .03 .03 -.16 -.21
Embeddings

(4) No. of SPEs 1.00 .25 -.23 .31 11 17 -.15 -.53 -39

(5) No. of SPE 1.00 .26 -.15 -.13 -.02 .08 -.05 .00
Embeddings

(6) Levels of SPE 1.00 -.13 -.17 .08 -.08 .09 .09
Embeddings

Materials by Task

(7) No. of OCs 1.00 .50 .50 -.07 -.41  -.32

(8) Levels of 0OC 1.00 -.06 -.03 -.22 -.21
Embeddings

(9) No. of SPEs 1.00 -.02 -840 - 46

Process

(10) Degrees of 1.00 -.38 -.62
Correspondence

(11) Type of 1.00 -.03
Information

(12) Plausibility of 1.00
Distractor
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